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Caltinogenicity of tetrachlorvinpha;, parathion, malathion, 
diazinon, and glypha;ate 
In March, 2015, 17 experts from 
11 countries met at the International 
Agercy for R:s:Erch on Cancer (I~ 
Lyon, France) to ax:ess the carcino
genicity of the organophosphate 
pesticides tetrcchlorvinphos, parathion, 
malathion, diazinon, and glyphosate 
(table). These ax:essrnents will be 
published as volume 112 of the I.AR:: 
Monographs.1 

The i~ticides tetrcchlorvinphos 
and parathion were cl2ffiified as 
"possibly carcinogenic to humans" 
(Group 28). The evidence from human 
studies was scarce and considered 
inadequate. Tetrcchlorvinphosinduced 
hepatcrellular tumours (benign or 
malignant) in mice, renal tubule 
tumours (benign or malignant) in 
male mice/ and spleen haernangioma 
in male rats. Tetrcchlorvinphos is 
a ~tive oxon with affinity for 
estera::es. In experimental animals, 
tetrcchlorvinphos is systemically 
distributed, rnetabolired, and 
eliminated in urine. Although bacterial 
mutagenesis tests were negative, 
tetrcchlorvi nphos induced genotoxicity 
in some Cffiays (chromosomal damage 
in rats and in vitro) and incra:Eed 
cell proliferation (hyperpiesia in 
rodents). Tetrcchlorvinphos is banned 
in the European Union. In the LEA, 
it continues to be ured on animals, 
including in pet flea collars. 

For parathion, CffiOciations with 
cancers in several tissues were ob:erved 
in oc:rupational studies, but the 
evidence in humans rernainssparre.ln 
mice, parathion incra:Eed bronchiole
alveolar adenoma and/or carcinoma 
in males, and lymphoma in females. In 
rats, parathion induced adrenal cortical 
adenoma or carcinoma (combined)/ 
malignant pancreatic tumours, and 
thyroid follicular cell adenoma in males, 
and mammary gland adenocarcinoma 
(after subcutaneous injection in 
fernales).4Parathion is rapidly absorbed 
and distributed. Parathion metabolism 

to the bioactive metabolite, paraoxon, 
is similar acrOS5 species. Although 
bacterial mutagenesis tests were 
negative, parathion induced DNA and 
chromosomal damage in human cells 
in vitro. Parathion markedly incra:Eed 
rat mammary gland terminal end 
bud density.4 Parathion use has been 
severely restricted si nee the 1980s. 

The i~ticides malathion and 
diaz:inon were classified as "probably 
carcinogenic to humans" (Group 2A). 
Malathion is ured in agriculture, public 
hEalth, and residential i~t control. It 
continues to be produced in substantial 
volumes throughout the world. There 
is limited evidence in humans for the 
carcinogenicity of malathion. Case
control analyses of oc:rupational 
exposures reported positive cssocia
tions with non-Hodgkin lymphoma 
in the LEA,5 Canada,6 and Stveden/ 
although no incra:Eed risk of non
Hodgkin lymphoma was ob:erved in 
the large Agricultural Health Study 
cohort (AI-IS). Ox:upational use was 
cssociated with an incra:Eed risk 
of prostate cancer in a Canadian 
are-control study'! and in the AI-IS, 
which reported a significant trend for 

aggi"Elffiive cancers after adjustment for 
other pesticides.9 In mice, malathion 
incra:Eed hepatcrellular adenoma 
or carcinoma (combined).10 In rats, 
it incra:Eed thyroid carcinoma in 
males, hepatcrellular adenoma or 
carcinoma (combined) in females, 
and mammary gland adenocarcinoma 
after subcutaneous injection in 
fernales.4 Malathion is rapidly absorbed 
and distributed. Metabolism to the 
bioactive metabolite, malaoxon, 
is similar acrOS5 species. Malaoxon 
strongly inhibits estera::es; atropine 
reduced carcinogenesis-related effects 
in onestudy.4 Malathion induced DNA 
and chromosomal damage in humans, 
corroborated by studies in animals and 
in vitro. Bccterial mutagenesis tests 
were negative. Compelling evidence 
supported disruption of hormone 
pathways. Hormonal effects probably 
mediate rodent thyroid and mammary 
gland proliferation. 

Diaz:i non has been applied in 
agriculture and for control of horne 
and garden i~ts. There was limited 
evidence for diaz:inon carcinogenicity 
in humans. Positive associations 
for non-Hodgkin lymphoma, with 
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For more on the IAR:: 
Monographss=e http:/ I 
monographs.iarc.fr 

Upcaning meetings 
Jme2-9,2015, Volume 113: 
Some organochlorine 
ir=ticide;and some 
chlorphenoxy herbicide; 
O:t 6--13,2015, Volume 114: 
Fe:J meat and prCICESS3:J meat 

MonographWor1<ingGroup 
Members 
A Blair (l.S'\)--l\!1Eeting Olair; 
LFrits:hi (Australia); 
Jfv1cl.aughlin;CMSergi (canada); 
GMO:!Iaf (Chile); FLeCurieux 
(Finland); I Baldi (France); 
FForastiere (Italy); H Kromhout 
(Netherlands); A 't Mannetje 
(New Zffiland); TROOriguez 
[unable to attend] (Nicaragua); 
PEgeghy [unable to attend], 
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volunnechemical) prosiate) efB:ts, and cell proliferation or death 

Diazinon lnsocticide(re;tricted in Umited (non- Limited Genotoxicity and oxidativestrEffi 2At 
theiJSI\andBJ) Hodgkin lymphoma, 

leukaemia, lung) 

Glyphosale 1-tlrbicide (cunrently uoocl; Umited (non- Sufficient Genotoxicity and oxidativestrEffi 2At 
highest global production Hodgkin lymphonna) 
volunne herbicide) 

BJ=Europe311 Union. *Soe the International Agencyforfemrch oncanoer (~) plffifllble for explanation of cias;ification system (amended 
JmuaJY, 2006). tThe 2Acla»ifrntion of diazinon wasb<:Eed on limited evidence of carcinogenicity in humans and experimental animals, and strong 
mechanistic evidence; for malathion and glyphosate, the mechanisticevidenceprovided independent atpport of the 2Acla3sification b<:Eed on 
evidence of carcinogenicity in humans and experimental animals. 

TiiJ/e: IAR:dassifi:ation of some organophosphate pesticides 
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GD.Bhnke;CWame;on; indications of exposure-response 
MTMartin;MKR=;IRJsyn; trends, were reported by two large 
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oc:rupational exposures.5·
6 The AI-IS 

reported positive associations with 
specific subtypes, which persisted 
after adjustment for other pesticides, 
but no overall increased risk of non
Hodgkin lymphoma.11 Support for an 
increased risk of leukaemia in the AI-IS 
was strengthened by a monotonic 
increase in risk with cumulative 
diazinon exposure after adjustment 
for other pesticides. Multiple updates 
from the AI-IS consistently showed an 
increased risk of lung cancer with an 
exposure-response association that 
was not explained by confounding by 
other pesticides, smoking, or other 
established lung cancer risk factors.12 

Nonetheleffi, this finding was not 
replicated in other populations. In 
rodents, diazinon increased hepato
cellular carcinoma in mice and 
leukremia or lymphoma (combined) 
in rats, but only in males receiving 
the low dose in each study. Diazinon 
induced DNA or chromosomal 
damage in rodents and in human 
and mammalian cells in vitro. Some 
additional support for human 
relevance was provided by a positive 
study of a small number of volunteers 
exposed toadiazinon formulation:3 

Glyphosate is a broad-spectrum 
herbicide, currently with the highest 
production volumes of all herbicides. 
It is used in more than 750 different 
products for agriculture, forestry, 
urban, and horne applications. Its 
use has increased sharply with the 
development of genetically modified 
glyphosate-resistant crop varieties. 
Glyphosate has been detected in air 
during spraying, in water, and in food. 
There was limited evidence in humans 
for the carcinogenicity of glyphosate. 
Case-control studies of occupational 
exposure in the LSL\14 Canada,6 and 
SNeden7 reported increased risks 
for non-Hodgkin lymphoma that 
persisted after adjustment for other 
pesticides. The AI-IS cohort did not 
show a significantly increased risk 

of non-Hodgkin lymphoma. In male 
CD-1 mice, glyphosate induced a 
positive trend in the incidence of a 
rare tumour, renal tubule carcinoma. A 
second study reported a positive trend 
for haernangiosarcoma in male mice.15 

Glyphosate increased pancreatic 
islet -cell adenoma in male rats in two 
studies. A glyphosate formulation 
promoted skin tumours in an 
initiation-prornotionstudy in mice. 

Glyphosate has been detected in 
the blood and urine of agricultural 
workers, indicating absorption. 
Soil microbes degrade glyphosate 
to aminornethylphosphoric crid 
(AMPA). Blood AMPA detection 
after poisonings suggests intestinal 
microbial metabolism in humans. 
Glyphosate and glyphosate formu
lations induced DNA and chromosomal 
damage in mammals, and in human 
and animal cells in vitro. One study 
reported incra:a:s in blood markers of 
chromosomal damage (micronuclei) in 
residents of several communities after 
spraying of glyphosate formulations. 16 

~terial mutagenesis tests were 
negative. Glyphosate, glyphosate 
formulations, and AMPA induced 
oxidative stress in rodents and in 
vitro. The \1\brking Group classified 
glyphosate as "probably carcinogenic 
to humans" (Group 2A). 

\1\k>declarenocompeting interests. 
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